Two novel sorbicillinoid analogues, (4'Z)-sorbicillin (1) and (2S)-2,3-dihydro-7-hydroxy-6-methyl-2-[(E)-prop-1-enyl]-chroman-4-one (2), together with three known compounds, (2S)-2,3-dihydro-7-hydroxy-6,8-dimethyl-2-[(E)-prop-1-enyl]-chroman-4-one (3), sorbicillin (4), and 2',3'-dihydrosorbicillin (5), were isolated from the culture broth of the fungus Trichoderma sp. associated with the seastar Acanthaster planci. Their structures were determined by analysis of the NMR and MS data. Compound 1 was the first example with a Z-configuration of the C-4'/C-5' double bond in the sorbyl side chain. Compounds 2 and 3 were uncommon monomeric sorbicillinoids with a cyclic sorbyl chain. 2, 3 and 5 showed moderate cytotoxic activities against various cancer cell lines.
Marine fungi are among the world's greatest untapped resources for structurally diverse and bioactive secondary metabolites, which are unveiled as a significant resource for developing new pharmaceutical agents [1] [2] . The seastar, Acanthaster planci, is found easily in the coral reef of the South China Sea, and is notorious for its widespread, permanent and devastating reef destruction. In our previous research, we have found that chemically prolific fungi associated with Acanthaster planci can be regularly obtained. Up to now, more than 200 fungal strains were purified. In the continuing exploration of the novel metabolites of the marine fungi associated with Acanthaster planci, one of the strains, Trichoderma sp., was cultured on the glucose-peptone-yeast extract (GPY) medium. The NMR spectra of the semi-pure ethyl acetate extract of the culture broth showed many signals in the range of δ H 6.00~8.00 and δ C 110.0~210.0, indicating that the extract is rich in compounds containing phenyl groups and/or double bonds, and carbonyl groups. By NMR-screening directed isolation, two novel sorbicillin analogues, (4'Z)-sorbicillin (1) and (2S)-2,3-dihydro-7-hydroxy-6-methyl-2-[(E)-prop-1-enyl]chroman-4-one (2), together with three known compounds, (2S)-2,3-dihydro-7-hydroxy-6,8-dimethyl-2-[(E)-prop-1-enyl]-chroman-4-one (3), sorbicillin (4), and 2',3'-dihydrosorbicillin (5) (Figure 1 ), were obtained. Compounds 2, 3 and 5 showed moderate cytotoxic activities against various cancer cell lines. Herein we describe the isolation, structure determination and biological evaluation of these compounds.
Compound 1 was obtained as yellowish amorphous solid. The molecular formula was established as C 14 H 16 O 3 on the basis of the HR-(-)ESI-MS ion at m/z 231.1023 [M-H] -, and 1 H and 13 C NMR spectroscopic data ( Table 1) . The 13 C NMR and DEPT spectra displayed three methyls, five methines and six quaternary carbons. One carbonyl carbon (δ C 192.5), two conjugated disubstituted double bonds (C-2': δ C 123.9, δ H 7.04, d, J = 14.8 Hz; C-3': δ C 138.6, 2'E-and 4'Z-configurations. For the vast family of sorbicillin-type natural products, this is the first report with a Z-configuration of the double bond in the side chain.
Compound 2 was obtained as yellowish solid and the molecular formula was deduced as C 13 H 14 O 3 from the HR-(-)ESI-MS ion peak at m/z 217.0880 [M-H]and 13 C NMR data (Table 2 ). Its IR spectrum showed two strong bands for hydroxyl and conjugated carbonyl groups at 3420 and 1690 cm -1 , and characteristic absorption bands for aromatic rings at 1609 and 1465 cm -1 . The 13 C NMR and DEPT spectra displayed two methyls, one methylene, five methines and five quaternary carbons. One carbonyl group at δ The known compounds 3, 4, and 5 were identified as (2S)-2,3dihydro-7-hydroxy-6,8-dimethyl-2-[(E)-prop-1-enyl]-chroman-4one, sorbicillin, and 2',3'-dihydrosorbicillin, respectively, by comparison of their spectral data with those reported in the literatures [3, 4] .
Compounds 1-5 belong to a family of hexaketide metabolites. 1, 4, and 5 have the same structural fragment, 2,4-dihydroxyl-3,5dimethyl-phenyl, and their 1 H and 13 C NMR data of this fragment are identical ( Table 1 ). The only difference between 1 and 4 is the configuration of the C-4'/C-5' double bond. To the best of our knowledge, the double bonds on the side chain were always reported with the E-configuration. 1 is the first example having a Zconfiguration double bond. This result also provides invaluable clues that there may still be a large number of new natural sorbicillinoids waiting to be explored.
Compounds 2 and 3 are uncommon monomeric sorbicillinoids with a cyclic sorbyl chain. Based on the reported biosynthetic studies on the sorbicillinoids [5, 6] , we proposed the biosynthetic route for 2 shown in Figure 3 . Six sodium acetates are condensed to form 6.
Methylation and oxidation at C-2 lead to the formation of 7, which undergoes cyclization to give 8, and further reduction gives 9. Then, the intramolecular Michael addition of a phenolic hydroxy group to Sorbicillin analogues from Trichoderma sp.
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The cytotoxic activities of 2, 3, and 5 in vitro were evaluated. As can be seen in Table 3 , 2 and 3 showed significant activities against the human breast cancer cell line MCF-7 with IC 50 values of 7.82 and 9.51 μg/mL, respectively. 5 showed moderate cytotoxicity against various cancer cell lines with IC 50 values ranging from 9.19 to 21.93 μg/mL. The cytotoxic activities of 1 and 4, due to the limited sample amount, were not tested in this assay. 
Experimental
General: CD spectra were measured on a Chirascan circular dichroism spectrometer. IR spectra were obtained using a Bruker Tensor 37 FT-IR spectrophotometer. 1D and 2D NMR spectra were recorded on a Bruker Avancell-400 spectrometer in CDCl 3 . The chemical shifts were referenced to the residual solvent signals with resonances at δ H/C 7.26/77.0 (CDCl 3 ). Mass spectra were obtained on a Shimadzu LCMS-IT-TOF ® high-speed liquid chromatographymass spectrometer. Semi-preparative HPLC was performed on a Shimadzu LC-20AT HPLC pump equipped with a SPD-20A dual λ absorbance detector and YMC-pak ODS-A HPLC column (250×10 mm, 5 μm).
Fungal strain and culture method:
The marine fungus Trichoderma sp. (collection No. AF007) was isolated from the inner tissue of the seastar Acanthaster planci collected from Hainan Sanya National Coral Reef Reserve, China. A voucher specimen was deposited in the School of Pharmaceutical Sciences, Sun Yatsen University, Guangzhou, P. R. China. This fungal strain was maintained on potato dextrose agar (PDA) slants. Fermentation medium was glucose 10 g/L, peptone 5 g/L, yeast extract 2 g/L, seawater, pH 7.5 (GPY medium). Plugs of agar supporting mycelial growth were cut and transferred aseptically to a 500 mL Erlenmeyer flask containing 200 mL GPY liquid medium. The liquid medium was sterilized at 120 for 30 min. The flask was incubated at 28 on a rotary shaker (120 rpm) for 5 days. The mycelia were aseptically transferred to 500 mL Erlenmeyer flasks containing 200 mL of the same liquid medium. The flasks were incubated at 28 on a rotary shaker (120 rpm) for 20 days.
